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Annotated Bibliography of 1,2-Cyclohexanedionedioxime 
Charles V. Banks, Howard B. Nicholas and James L. Pflasterer 
Introduction 
This annotated bibliography concerning the preparation, 
reactions and uses of 1~2-cyclohexanedionedioxime has been 
prepared as a reference for analytical research and control 
chemists. 
3 
It is hoped that this bibliography may serve to stimulate 
further research on the analytical applications of the vic-dioximes. 
The references are listed in chronological order and each 
is numbered consecutively. This bibliography begins with the 
work of Wallach and ends with listings of most of the works 
published in 1955. 
l. Wallach, 0., "Concerning the Characteristics of the 
Buccacamphors (Diosphenol) and its Homologs as well 
ai their Dioxime Derivatives.ll" Nachr. Ges. Wiss. 
G~ttingen. Math. physik. Klasse~ 85-88-rl92~ 
/Chern. Zentr.~ Ig 958 1774 (1924)_7. 
Dist illation of the aqueous solution resulting 
from the oxidation of carvenone (2-methyl-5-isopropyl-
5-cyclohexen-1-one) with dilute ice-cold potassium 
permanganate solution yields diosphenol (Buccocamphor 
or 3-methyl-6-isopropyl-1,2-cyclohexanedione). The 
fact that when diosphenol is dissolved in potassium 
hydroxide solution and treated with the theoretical 
amount of hydroxylammonium chloride the corresponding 
vic-dioxime (3-methyl-6-isopropyl-l.ll2-cyclohexane-
OIOnedioxime ) is precipitated upon neutralizing the 
solution with carbon dioxide.ll indicates that a 
labile equilibrium exists between the mono-enol 
and diketo forms of such compounds. The above 
vic-dioxime is very slightly soluble in alcohol, 
readily soluble in alkali and melts at 197°. 
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Some of the homologs of the vic-dioxime have 
not yet been isolated~ however~ the homolog obtained 
from dibromocyclohexanone is very similar to that 
of diosphenol. Dibromocyclohexanone upon being 
treated with hydroxylammonium chloride in alkaline 
solution yields crystalline 1~2-cyclohexanedionedioxime 
which melts at 194-195° after recrystallization 
from boiling water. 
In the same manner the three monomethylcyclo-
hexanones may be readily converted to the corresponding 
vic-dioximes: 2-methyl-1,2-cyclohexanedionedioxime, 
3-methyl-1~2-cyclohexanedionedioxime and 4-methyl-1, 
2-cyclohexanedionedioxime gave vic-dioximes melting 
at 166 o ~ 180-181 o and 185 o respectively. (The 
latter two vic-dioximes were very likely identical 
compounds.)~hese vic-dioximes are hydrolyzed 
very slightly with sulfuric acid to giVe the unsaturated 
monohydroxyketone rather than the expected diketone. 
These vic-dioximes form complex compounds with 
the metal salts of Group VIII of the periodic system 
as would be expected, since Tschugaeff has shown that 
alkyl derivatives of ~lyoxime form insoluble complex 
compounds with nickel(II) salts. He found that 
the red colored nickel compound of 2,3-butanedione-
dioxime (dimethylglyoxime) was especially insoluble 
and recommended its use for the quantitative · 
precipitation of nickel(II) ions. The new 1,2-cyclo-
hexanedioned ioxime» even though being more soluble in 
water th~n dimethylglyoxime, gives an intense red 
colored complex compound with nickel(II) salts which 
is less soluble in water than the corresponding 
nickel(II) compound of dimethylglyoxime. One can 
detect 1 gram of nickel in 400 liters of water with 
dimethylglyoxime, whi le with a 1:5000 aqueous solution 
of 1,2-cyclohexanedionedioxime one can detect 1 
gram of nickel in 2000 liters of water. This new 
reagent is sensitive enough for very exact quantitative 
determinations and can even be used to detect a trace 
of nickel(II) ion in a solution of a cobalt salt. 
Details concerning the behavior of the cyclic vic-
dioximes as well as details concerning the whole 
work in genera l must await publication elsewhere in 
another communication.· 
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2. Wallach, Oe, and Weissenborn, A.J "Diosphenol and Homologous 
Compounds," Ann. 437, 148-186_)1924) L£. A., 18, 2336 
( 1924) ; c. f., C. A. J 10, 2210 • · 
The dioxime in water gives a deep red nickel 
salt, C12H1sN404NiJ .which is soluble in acids and is 
suitable for qualitative or quantitative determination 
of nickel. The reagent is sensitive in a dilution 
of 1:2,000,000 of nickel(II) sulfate. Reduction of the 
dioxime with zinc dust and potassium hydroxide, gives 
a base, (C6H9N)2, which may be a phenazine 
CH2CH2CH.N :C.CH2CH2 J m.p. 108-9°. I \ I \ 
CH2CH2 .C:N.CH.CH2CH2 
1926 
3. Feigl, F., "Specificity and Sensitiveness of Analytical 
Methods in Dependence Upon Complex Chemical Factors," 
z. angew. Chem.J 39 393-398 (1926) L£. A., 20, 1770 
(l926)J. 
Feigl agrees with Wallach that the 1,2-cyclohexane-
dionedioxime is a better reagent for nickel than 
dimethylgyloxime or ~ -furildioxime, but he argues 
that it was too expensive at that time. He discusses 
the origin of the group that makes special determi-
nations possible because of their specific reactivity. 
He comes to the conclusion that bivalent metal 
specificity is due to the vic-dioxime groups. Other-
wise the paper deals in generalities rather than 
specific examples. 
4. Wallach, 0., "The Conversion of vic-Diketones into 
Pyrazines , " Nachr. Ges. Wiss. Gottingen. Math. 
physik. Klasse, 238~4 ~7)/IThem. Zent~II, 
2177 (1928); C. A., 22, 2168(1928)J. -
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Through the reduction of the oxime of a simple 
ketone, one can finally arrive at the corresponding 
amine, RC:NOH~RCH2NH2 . The partial hydrolysis which 
occurs simultaneously can be decreased when the 
reduction is carried out in alkaline solution rather 
than in acid solution. One might also expect that 
the preparation of vic-diamines would result from 
the alkaline reduction of the vic-dioximes of the 
vic-diketones: 
Rl: NOH ___ ~ RIHNH2 
RC:NOH RCHNH2 • 
Indeed, some time ago it was observed 1 that 
(1) Wallach, o. and Weissenborn, A., Ann., 437, 
177 ( 1924). 
when one reduces the easily prepared vic-dioxime of 
1,2-cyplohexanedione in alkaline solution with zinc, 
the reaction does not proceed in the expected 
direction. · 
There was formed in this case only traces of 
the vic-diamine, whereas much ammonia was evolved 
with the simultaneous formation of a colorless 
crystalline base which turns yellow even in air due 
to oxidation which is accompanied by partial 
resinification. 
An analysis of the freshly prepared, colorless 
compound led to the formula (C6H9N) 2 . The reaction 
sequence, as interpreted at that time, was that 
the cyclic vic-dioxime first of all splits off one 
oxime group-aB ammonia whereupon the resulting 
monoxime is converted to the monoaminnk'etone which 
immediately undergoes a phenazine self-condensation: 
ISC-738 
More recent research has now proved that the 
original interpretation was mainly correct even 
though the assumed structure of the end product 
7 
must now be modified, a fact that will be subsequently 
discussed. 
The course of the reaction in the reduction of 
the cyclic vic-dioxime will now be discussed 
further. I~as found in due time that the entire 
hypothesis that was made previously was justified. 
The reaction proceeds, first of all, to the 
formation of a monoaminoketone, which then condenses 
with itself to give a very easily oxidized compound 
(C6HgN) 2 . This compound, however, is not to be 
consldered as a dihydrophenazine, but as dihydro-
pyrazine whose two very easily oxidized hydrogen 
atoms are not really on the carbons as previously 
assumed but rather are bound to the nitrogens. 
The reaction sequence is at once apparent if 
one assumes that the self-condensation of the 
aminoketones occurring in this2and analogous reactions is preceded by an enolization. According to this 
(2) Wallach, 0. and Weissenborn, A., Ann., 437, 152 
(1924) LQ. A. , 18, 2336 (1924)_7. 
Even the o-diketone tends to enolize in a very 
special manner. 
assumption the reaction proceeds in the following 
manner: 
8 
I 
H + 2 
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The ana lysis of the colorless end products, 
whose oharaoteristios have not been dea oribeo, 
agrees well wi th the formula (CsHaN) 2e 
~he t1rat condensation product is reasonable 
s1noe the beautiful crystalline dihydropyrazine 
oorresponds s in so far au ease or oxidation 11 
oonoernedM to the we ll known analogous compounds 
which are obtained as intermediates in the 
reduction 'of 1son1troaoketones (hydroxy1m1noketones) 
but which have not been as wel l aharaoter1zede 
ISC-738 
Briefly the experimental congitions for 
converting the cyclic vic-dioxime to the d~hydro-
(3) Wallach, 0., and Weissenborn, A., Ann., 437, 
180, 182, 183, 185 (1924). The previously 
pr~pared higher homologs were prepared by a 
reduction just as was the vic-dioxime of 
cyclohexanedione. 
9 
pyrazine and then to the pyrazine and the properties 
of these compounds are given. 
The large crystals of the originally colorless 
dihydropyrazine, (C6HgN) 2 , turn yellow in a short 
time. The oxidation takes place in atmospheric oxygen, 
but is slow and incomplete. The oxidation goes 
faster, naturally, if the compound is exposed to 
oxygen in a finely divided state or in a solution. 
It then forms a deep, dark red colored compound. The 
oxidation can be hastened if one lets an acid solution 
of the base stand for a day with a strong oxidiz.ing 
agent such as hydrogen peroxide or ferricyanide, 
filters the dark colored precipitate which is 
formed, and then precipitates any existing base in 
the solution by fractional neutralization with 
ammonia. This will be wasteful to be sure, but 
one can quickly obtain a colorless product if one 
steam-distills the base prepared in this manner, 
and extracts a portion of the solution with ether 
or chloroform. One can also obtain a purification 
if one dissolves the air-dried base in a very small 
amount of benzene, and then precipitates the impurity 
by the addition of ligroin. Extensive decomposition 
and coloration accompanies the dry distillation of 
the base in an egg-shaped flask~ 
The pyrazine, derived from the hydrogen-rich 
compound in one way or another, has the formula 
(C6HRN) 2 , is colorless, stable · in air, melts at 108°, 
crystallizes from solvents (for example, ether or 
diluted methanol) as large, clear prisms or plates, 
and is moderately soluble in hot water. A water 
solution gives an immediate crystalline precipitate 
when mixed with a concentrated solution of mercuric 
chloride but remains clear upon the addition of 
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picric acid solution, whereas the unpurified 
preparations give immediate yellow precipitates 
with picric acid. Moreover, the well crystallized 
picrate, o-hlbl!t>platinate, and chlorohydrate are 
readily soluble in water. 
5. Riley, H. L., Morley, J. F. and Friend, N. C., "Selenium 
Dioxide, A New Oxidizing Agent," J. Chern. Soc., 54, 
1875-1883 (1932) lf. A., 26, 4305~43~1932)_7.---
Selenium dioxide has a special oxidizing action 
on aldehydes and ketones of varimus types, whereby 
1,2-diketones and aldoketones are conveniently 
obtained in quantity. ;· Experiments have shown that, 
although ketones which do not contain a CH2 group, 
e.g., benzophenone, are oxidized by selenium 
dioxide, the reaction takes place only on strong 
heating and more or less complete oxidation occurs. 
Compounds which contain a CH2 group activated by 
proximity to a negative group appear to be 
specifically oxidized at reasonably low temperatures. 
Cyclohexanone gives 35% of cyclohexane-1,2-dione (density, 
surface tension and parachor are given for 5 tempera-
tures); cyclopentanone gives only 7% of cyclopentane-1,-
2-dione. 
Selenium dioxide is readily recovered either by 
burning, or by oxidizing the precipitate selenium 
with nitric acid and subliming the product. 
Cyclohexane-1,2-dione. Selenium dioxide (56 g.), 
dissolved in rectified spirit (300 ml.) was added to 
cyclohexanone (50 g.) at 70 - 8oo during 2 hours, and 
the whole refluxed for 2 hours, as much of the liquid 
as possible was dis ti lled from a steam bath, the 
remainder decanted from the selenium, this washed 
with ether, and the combined washings and liquid 
freed from ether and distilled under reduced pressure. 
After removal of the selenium from the mixture,40 g. 
of oil (cyclohexanone and cyclohexane-1,2-dione) and 
water were thus obtained. A solution of the oil 
in 200 ml. of ether was extracted consecutively with 
3 equal volumes of ice cold 10% caustic potash solution, 
the total of which was equivalent to 1 1/2 
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times that necessary to react with all the oil 
assumed to be pure dione in the _mono-enolic state. 
The potash extract was shaken once with ether 
(which removed 9 grams of cyclohexanone), acidified 
with ice-cold hydrochloric acid, and saturated 
with sodium chloride. Ether then extracted an 
oil which gave 11 grams of a very pale green 
liquid (cyclohexane-1~2-dione), b.p. 96-97° at 
25 mm., and 2 g. of a dark r.ed frti'ction ( contami-
nated dione), b.p. up to 140° at 25 mm. The dione 
gave a bisphenyl hydrazone, m.p. 152.(found:N 19.5 Cal. 
19.2%), a dioxime which decomposed at 185-190° 
(found:N 19.6 Cal. 19.5%) and ita nickel salt 
(found!~ - 17.1 Cal. 17.2%) and a phenylurethane 
m.p. 121•. The derivatives were compared (mixed m.p.) 
with specimens prepared from the dione made by 
Wallach's method. Annalen 437, 174 (1924)_7. 
Wallach's statement loc. cit:} that the dione is 
a solid, m.p. 39-40~ could not be confirmed. A 
yield of pure dione of 35%, calculated on the selenium 
dioxide used~ .was obtained. 
~ 
Parachor of this dione was measured to determine 
the correct structure. 
6. Treibs, A.» and Dinelli» D., "Several Pyrrole Derivatives 
with Isocyclic Rings. 4,5»6,7-Tetrahydrinoles and 
Cyclopentenopyrroles," Ann., 517, 152-169 (1935) 
f2_. A-» 29, 4356 (1935)_7. 
Treibs and Dinelli report the preparation of 
1,2-cyclohexanedionedioxime from cyclohexanone 
carboxcyclic acid (1), or its ester. Four grams of 
(1) were dissolved in four milliliters of glacial 
acetic acid and six milliliters of water or ten 
milliliters of glacial acetic acid, and the mixture 
cooled to 5-l0°C. Sodium nitrite in water was 
added dropwise, which yielded 2-isonitroso-cyclo-
hexanone-l and carbon dioxide. The 2-isonitroso-
cyclohexanone-1 was then converted to the vic-dioxime 
with hydroxylamine hydrochloride. The melting point 
of the vic-dioxime is 186°. 
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7. Jaeger, F. M., and van Dijk, J. A., "Preparation and 
Properties of Some vic-Diaminocyclohexanes," 
Proc. Acad. Sci., Amsterdam, 39, 384-393 (1936) 
f2.. Aq 30, 6341 (1936) J. 
This paper deals with the preparation of 
cyclohexaneoximes, but mostly concerns the mono-
oximes. There are some dioximes prepared but only 
as one of many ·by-products. 
8. Sevag, Mo G., and Maiweg, L., "Study of Oximes and of 
Their Inhibiting Action on Catalase," Biochem. z., 
288, 41-69 (1936) .!§_. A., 31, 718 (1937) J. -
Oximes are powerful inhibitors of catalase. 
The inhibiting effect of dimethylgyloxime (2-3-b~tane­
dionedioxime ) depends on the pH of the solution 
(greater at 1-2 than at 2.2-2.5). The maximum 
inhibition of 1 M hydrochloric acid and 2 M 
dimethylglyoxime (2,3-butanedionedioxime) is 
greatest at a temperature of 90-100°. 1,2-Cyclo-
hexanedionedioxime is just as effective and is not 
reversible because the dioxime oxidize$ the enzyme • 
• 9. Jaeger, Fo M., and Bijkerk, Lq "Complex Salts of 
Racemic and Optically Active Cyclohexane-1,2-diamines 
with Trivalent Cobalt and Rhodium. I. Transcyclo-
hexane-1,2-diamine and Its Fission Into Optically-
active Anti~odes," Proc. Acad. Sci. Amsterdam, 40, 
12-23 (1937} ./2_ • . Ao 31 1 4960 (1937)J. -
From pure cyclohexanone (I), and cyclohexanone-
oxalyl ester (II), the corresponding cyclohexanone-
carboxylic acid (III), b.po 105°-106°, was obtained 
in yields of 42-52% of theoretical. (III) was 
then transformed to cyclohexanedione monoxime (IV) 
in 86% yields. (IV) and hydroxylammonium chloride 
gave the solid dioxime, (V), m.p. 187-189°, in 
small colorless crystals from water. The nickel 
salt of (V) gives a deep violet-red color. (V) 
reduced by excess sodium and absolute alcohol gave 
bases isolated as hydrochloride salts and liberated 
by potassium hydroxide. This gave three resulting 
ISC-738 13 
fractions, (1) cyclohexamine, (2) diaminecyclohexane, 
and (3) a base different from Wallach's phenazine 
base. The remainder of the paper consists of the 
resolving of the optically active compounds thus 
created. 
10. Tokura, N., and Oda, R., "The Oxidative Ring-Splitting 
of Alicyclic Compounds,l)" Bull. Inst.~ Phys. Chern. 
Research {TokyoL 22,1) 844-.:m, TI'9"43JLQ:. A., 43, 
2176 (1949)_7. - ---
The chlorination of cyclohexanone gave mono-
chlorocyclohexanone accompanied by di- and tetra- (Cl) 
derivatives. This chlorination gave best results 
when carried out in water in the presence of 
calcium carbonate. 
2-Chlorocyclohexanone, when heated with 
potassium ethoxide was converted to cyclopentane-
carboxylic acid,l) b.p. 213-215°. In order to 
obtain 2-hydroxy-cyclohexanone, alkali carbonate or 
alkali acetate should be used. 2-Chlorocyclohexanone 
was converted to cyclohexanedionedioxime with 
hydroxylamine. n ;-~j ' 
11. Rauh, E. G., Smith, G. F., Banks, c. V., and Diehl, H., 
"The Synthesis of 1,2-Cyclohexanedionedioxime 
{Nioxime)," -~· Org. Chern., 10, 199-204, { 1945) 
LQ. A., 3_2, 4059 (1945)_7. 
The various methods for the preparation of 
nioxime (I), which, because of its water solubility, 
may be a useful' analytical reagent for nickel, are 
checked. According to the work of Riley and others L£. A., 26, 4305 (1932)_7, 280 gm. of selenium dioxide 
in 1500 ml. of 95% ethyl alcohol is added at 
70-80° to 250 gm. cyclohexanone (II), over a period 
of two hours and refluxed for an additional two 
hours. The ethyl alcohol is distil~d off, the 
residual liquid (III), is decanted from the solution 
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containing the selenium, the latter is washed with 
ether, the ether evaporated, and the residue added to 
(III). Distillation of (III) at 25 mm. gives 
200 gm. of a mixture of (II), 1,2-cyclohexanedione (IV), 
and water. The mixture is diluted with one liter 
of ether and extracted with ice-cold 10% potassium 
hydroxide solution, and the alkali extract is 
washed with ether, acidified with ice-cold hyd~ochloric 
acid, .and extracted with ether. The dried eth~r 
extract, when distilled, gives 55 gm. of (IV), b.p. 
96°-97° at 25 mm. An ice-cold solution of 225 gm. 
of potassium hydroxide in one liter of water is 
added dropwise to 55 gm. of (IV), and 170 gm. of 
hydroxylammonium chloride (V) in 500 ml. of water, 
cooled to 0°, and the mixture heated for two 
hours on a steam-bath, cooled to 0°, neutralized 
with carbon dioxide, and saturated with sodium 
chloride; 70% of the dioxime, m.p. 187-188°~ is 
obtained. The synthesis of (I) via the 2-isonitroso-
cyclohexanone (VI), prepared according to Jaeger -
and Van Dijk (c. A., 30, 6341) failed. (VI) is 
obtained, however~ in-s1.6% yield according to a 
modified method of Pezold and Shriner (C. A., 27, 
274). To a stirred mixture of one liter alcoholic 
sodium ethoxide (from 46 gm. of sodium) and 700 
ml. ether, cooled to 10-15°, a mixture of 200 gm. 
of (II) and 350 gm. of 2-ethylhexyl nitrite in 
2.5 liters of anhydrous ether is added over a period 
of forty minutes. Stirring is continued for at 
least three hours , and the sodium salt (VII) of 
(VI) is filtered off and washed with ether. When 
104 gm. of (V) in two liters methyl alcohol is added 
to 149 gm. of (VII) in one liter methyl alcohol 
and the mixture is refluxed for 24 hours, (I), 
m.p. 189-190°, is obtained in an over-all yield of 
about 30%. 
12. Vene, Jean, "Selenium Oxide as an Oxidizing Agent in 
Organic Chemistry," Bull. Soc. Chim. France, 
/5_7 12, 506-516 (1945) L£. A., 40, 4661 (1946)_7. 
This paper deals with the oxidizing power of 
selenium dioxide with cyclic ketones. It reviews 
the history of the agent in preparative chemistry 
and gives the method and conditions for the Riley 
oxidation of cyclohexanone to 1,2-cyclohexanedione. 
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13. Geissman, T. A., and Schlatter, M. J., 11 1,2-Cyclohexane-
dionedioxime," (University of California, Los Angeles) 
J. Org. Chern., g, 771-772, ( 1946) (C. A., 41, 1623 
(1947)_7. 
Contrary to the findings of Rauh, et. al., 
(C. A., 39, 4059), the method of Jaeger, et. al., 
(C. A., 30, 6341), gives satisfactory yields of 
1,2-cyclohexanedionedioxime (I) when air is 
carefully excluded in the first step. When to 
42.5 gm . 2-carbethoxycyclohexanone in 200 ml. of 
water containing 11 gm. of sodium hydroxide, 17.2 gm. 
of sodium nitrite in 50 ml. of water is added ·with 
exclusion of air, the mixture then shaken 48 hours 
at room temperature and the pale yellow solution, 
cooled to 0°, is acidified with a small excess of 
6 N sulfuric acid, 89% 1,2-cyclohexanedione mono-
oxime (II) is extracted with ether after standing 
30 minutes. When a solution of hydroxylamine 
prepared by adding the theoretical amount of 
sodium methoxide in 150 ml. methyl alcohol to 
23~2 gm. hydroxylammonium chloride in 50 ml. of 
water is added to 28.5 gm. of (II) and the mixture 
is allowed to stand at room temperature for 24 
hours and then several hours at 0°, 60% (I), 
m.p. 189-190°, is obtained. 
14. Johnson, W. C. and Simmons, M., "1,2-Cyclohexanedione-
dioxime (Nioxime) as a Reagent for Nickel," 
(Analyst, 71, 554-556 (1946) (C. A., 41, 1169 (1947)_7. 
Wallach (c. A. , 18, 2336) found that this 
dioxime, which-is-given the name Nioxime, is more 
sensitive toward nickel(II) and is more soluble in 
water than is the much used dimethylglyoxime 
(2,3-butanedionedioxime). This statement was 
verified. It is similar to dimethylglyoxime and 
can be used even more widely for the determination 
of nickel(II). On the other hand the precipitate 
does not crystallize well, carries down impurities 
with it, and gives results that are too high in 
the gravimetric determination. The red color that 
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the reagent gives with nickel(II) after oxidation 
with bromine can be stabilized with gum arabic and 
is very suitable for the colorimetric determination. 
The solution used for the measurement should contain 
about Oo3 mg. of nickel. 
15. Griffing, M. and Mellon, M. G., "Colorimetric Determination 
of Iron with Various Dioximes," (Purdue Univ., 
Lafayette, Ind.), Anal. Chern., 19, 1017-1020 (1947) 
/C. A., 42, 838, (1948)~ -
Numerous oximes were studied. Among these was 
1,2-cyclohexanedionedioxime (I). These oximes gave 
strongly colored complexes with iron(II) in the 
presence of an excess of ammonium hydroxide and 
hydroxyammonium chloride, but none was sufficiently 
stable to be used for the colorimetric determination 
of iron without the addition of a stabilizing agent. 
For this purpose sodium hydrosulfite is recommended. 
Butanedionedioxime (II) and (I) are about equally 
sensitive and compare favorably with such well 
known reagents as 1,10-phenanthroline and 2,2 1 -
bipyridine, but are much less stable and such 
drastic conditions are required for color development 
that all common cations except those of the alkaline 
earths and ammonium interfere. To carry out a 
test, take a sample containing about six mg. of 
iron. Dissolve in a suitable reagent and remove 
ions that precipitate at pH greater than 9.5. 
Dilute to 100 ml., mix, and take a 5 ml. aliquo.t 
in a 50~ml. volumetric flask. Add 3 ml. of 
reducing agent (10 g. sodium hydrosulfite plus 100 
ml. of concentrated ammonium hydroxide and 50 ml. 
of water) and 0.5 ml. of 1% solution of (I). 
Allow to stand 15 minutes, dilute to volume and 
measure the transmittance at 541 mp for (I). Visual 
comparison with colors produced by known quantities 
of iron is also satisfactory. 
16. Murakami, M., and YukawaJ> Y., "1,2-Cyclohexanedionedioxime," 
(Osaka Univ.), Mem. Ins. Sci. Ind. Research Osaka Univ., 
_2, 150-151 (1947T _LQ. Aq 47, 2714 (1953)J. --
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Gaseous ethyl nitrite is passed through a 
mixture of 260 g. cyclohexanone and 10 ml. of 
concentrated hydrochloric acid at 10-15°. This 
gave 140 g. of 1~2-cyclohexanedionemonoxime 
decomposing at 227°. This monoxime was converted 
by hydroxylamine to the vic-dixoime, m.p. l86-l87° 
(from ether)~ gives a dark violet precipitate with 
iron(III). This color reaction is very sensitive 
with even a trace of iron(III) and can be applied 
to the coating of self-recording paper by use of an 
iron pen. 
17. Wenger, P. Eq MonnierJ) Dq and Rusconi, Y., "An Inorganic 
Semiquantitative Method of Analysis: Determination 
of Chromium and Nickel~" (Univ. Geneve, Switzerland) 
Anal. Chim. Acta,_!, 190-200 (1947) f2... A., 42, 6699, 
18. 
(1948)J. 
A simple and very rapid method is based on 
determining the limits of dilution and sensitivity 
for detecting ions with sensitive and specific 
organic reagents. After curves and tables have 
been prepared by testing a series of systematic 
dilutions of known quantities of an ion, the 
approximate quantitative composition of an unknown 
material can be quickly determined. Several 
different reagents of different sensitivities are 
usually employed. For chromium(III ), the reagents 
recommended are ~urn guaiacum (blue ppt.), strychnine 
(rose coloration), and diphenylcarbizide (violet 
coloration); for nickel(II)~ 1.1)2-cyclohexanedione-
dioxime (rose ppt.)J) dithiooxamide (blue coloration), 
and ammonium mercurithiocyanate (greenish ppt.). 
The dilutions are made on spot plates and the tests 
are carried out either on spot plates or filter 
paper. (Copper, arsenic, tin, antimony, and 
vanadium interfere). 
• II Peltier, S., DuvalJ) T.~ and Duval, C.~ Critical Study of 
the Cations," Anal. Chim. Acta, (French) 2, 301-306 
( 1948) LQ:. A., 43, 331311949)J. -
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New analytical reagents and reactions proposed 
during the period 1937-1947 have been tested 
systematically in preparation for the 4th Report 
of the Committee of the Union Internationale de 
Chimie. The vic-dioxime of 1,2-cyclohexanedione is 
recommended for nickel(II) in preference to 
dimethylglyoxime (2,3-butanedionedioxime) because 
it is more soluble in water, reacts at a lower pH, 
and permits a greater dilution. Interference from 
bismuth(III) and iron(III) can be prevented by 
tartrate and that from copper by an ammoniacal 
solution. · Cobalt(II) gives a brown coloration 
and precipitates with nickel(II) in an acid 
~olution, but a separation can be made in 
ammoniacal ammonium chloride solution. Palladium(II) 
gives the same reaction as nickel. 
19. reshkova, V. M., Vedernikova, M. I., and Gontaeva, N. I., 
''Formation and Properties of 1,2-Cyclohexanedione-
dioxime," Zhur. Anal. KhimOJl 3, 366-372 (1948) 
1£. A., 43, 8938 (1949)J. 
To 70-80 ml. of aqueous nickel sulfate add 
methyl orange, heat to boiling, add 12-15 ml. of 
.5% aqueous solution of 1,2-cyclohexanedionedioxime 
and enough ammonium hydroxide to bring out a yellow 
color. After 1-1.5 hours, filter through glass 
filter, wash and dry at 110°-120°. In an excess 
of ammonium hydroxide the precipitate is colloidal 
but quickly coagulates upon addition of ammonium 
chloride or ammonium nitrate. A three to four fold 
excess of reagent has no effect on the completeness 
of precipitation. In the presence of much zinc 
sulfate (0.5 g.), add to the solution 2 g. ammonium 
chloride, enough 25% ammonium hydroxide to clear the 
solution, 5 ml. of 0.5% reagent solution, and finish 
as before. In the presence of cobalt, add to the 
solution 0.25 g. of sodium acetate to give a pH of 
approximately 3.25 and determine nickel as if it 
were alone. When the ratio of nickel to cobalt is 
1~10-1:100, four times the theoretically required 
re~ent should be taken; if the nickel to cobalt 
ratio is 1~200, 6-7 times of the theoretically 
required quantity should be used. If iron is 
present, it can be either fixed as tartrate in 
medium alkali to litmus or precipitated with sodium 
fluoride to prevent interference with nickel(II) 
determination. 
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20. Voter, R. C., Banks,g C. V • .P and Diehl, H., "1,2-Cyclohexane-
dionedioximeJl a Reagent for Nickel," (Iowa State 
CollegeJl Ames) Anal. . Chem.Jl 20.9 458-459 (1948) 
££. A., 42, 4864 (1948-)J. 
The new reagent, which can be called "Nioxime," 
gives scarlet and yellow precipitates with nickel(II) 
and palladium(II) as does dimethylgyloxime (2y3-butane-
dionedioxime). It has the advantage of being soluble 
in water and the disadvantage of being a stronger 
reducing agent. Precipitation of nickel is 
complete at a pH of three or higher, but there is a 
slight coprecipitation of the reagent which causes 
a slight positive error as the precipitate does 
not contain the theoretical 17.21% of nickel. 
Copper(II) gives a brownish-green color with the 
reagent. Cobalt(II) gives a brown color with some 
coprecipitation. No satisfactory way of separating 
iron(III) from nickel(II) could be found. The 
reagent reduces ferric iron to ferrous iron, and 
the latter forms a very stable complex with the 
reagentJl and tends to prevent the complete 
precipitation of nickel. The results are good in 
the presence of various other ions. 
21. Voter, R. c., Banks, C. VOJl and Diehl, H., "1,2-Cyclo-
hexanedionedioxime, A Rea$ent for Palladium," 
(Iowa State College, Ames) Anal. Chern., 20, 
652-654 (1948) LQ. A.Jl 42.9 6698 (1948)J-:-
22. 
Nioxime (C. A., 42, 4864) gives a yellow 
precipitate with palladium(II) which is insoluble 
in water and dilute acids. To 5-20 mg. of 
palladium(II) in about 200 ml. of a warm solution 
at a pH of 1-5.9 add slowly an 0.8% solution of 
nioxime until 0.43 ml. of solution have been 
added for each mg. of palladium . Digest for 
thirty minutes at 60° Jl filter, wash with hot 
water, dry at 110°.9 and weigh. The precipitate 
contains 27.43% palladium. The results are very 
accurate. 
Tsumaki, T.Jl and Yama~uichij) M., "Pyrolysis of Inner 
Complex SaltsJ)" (Kyushu UniversityJ) Fukuoka), 
J. Chern. Soc. 9 Japan, Pure Chern. Section, 70, 
T0-12"("19"lf9T !§.. A., 45, 4657(195l)J. -
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The pyrolysis of nickel dimethylglyoxime, 
nickel benzyldioxime and nickel cyclohexanedione-
dioxime , and nickel furildioxime was studied in an 
atmosphere of nitrogen. The nickel dimethylglyoxime 
decomposed vigorously at 310° evolving ammonia and 
a small amount of carbon dioxide. About 5% of 
the origina l complex sublimed undecomposed. The 
nickel benzyldioxime decomposed slowly at 280°, 
giving ammonia~ phenyl nitriteJ diphenylfurazan, 
~enzoic acid~ and an unidentified white crystal, 
m.p. 238°. 
The nickel cyclohexanedionedioxime decomposed 
at 280°, giving ammonia without sublimation of the 
salt. Carbon dioxide was not detected. Nickel 
alpha-furildioxime decomposed at 270°, yielding 
ammonia. 2-cyanofuran and difurylfurazan, 
C4H3oc: N•O•N: COC4H3 J long prisms$ m.p. 62°; 
the latter was insoluble in water$ soluble in 
alcohol, ether~ benzene and petroleum ether, and was 
stable against hot alkali and acid. It can be 
steam-distilled and sublimed. 
23. Mathews, John, Jr., and Diehl, H.J "The Reaction of Ferrous 
Iron with NioximeJ" Iowa State Coll. J. Sci., 23, 
279-287 (1949) E_. A.» 43, 6932(i949)J-:- -
Nioxime, like some other vic-dioximes, produces 
a red or violet color with ferrous iron • . 'Ammonia 
or an amine is necessary for the production of 
the color. Hydrazine, hydroxylamine$ ethylene-diamine 
and hexamethylenetetraamine were used in the 
investigation. Amine s insoluble in water are not 
suitable. Qne part ferrous iron can be detected 
in 1.8 x 107 with the nioxime-ethylene-diamine 
complex. Spectral distribution curves were 
determined by the use of a spectra pho tometer at 
540 mp with a band width of 5 mp, the molecular 
extinction coefficients of ferrous iron-nioxime 
were: wi th ammonia, 6988; with hydrazineJ 8639; with 
ethylenediamine, 6490. Percent transmittance 
increased r~pidly as pH was decreased below 9.5. 
With 2 x 104 M for the combined concentration of 
ferrous iron and nioxime, transmittances were 
measured with mole fractions of hioxime varying 
from 0 to 1. By the method of computation used 
by Job (£. Ao~ 22, 2120), the formula is Fe(nioxime)2. 
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Migration experiments show that the colored complex 
is an anion. The complex with ammonia or with 
ethylene-diamine acts as an indicator for oxidation-
reduction reactions. On exposure to air, oxidation 
changes the color slowly to yellow. When oxygen is 
bubbled through in fine bubbles, the ethylene-
diamine complex in less time. In the case of the 
complex with ethylene-diamine, bubbling purified 
nitrogen through the solution decolorized by oxygen 
partially restored the color. Apparently oxygen is 
reversibly absorbed by this complex in an aqueous 
solution. 
24. Voter, R. c., and Banks, c. V., "Water-soluble, 1,2-
dioximes as Analytical Reagents," (Iowa State 
College, Ames) Anal. Chem., 21, 1320-1323 (1949) 
~. A-» 44, 2404 (1950)J. -
Of six supposedly water soluble 1,2-dioximes 
tested, only 1,2-cyclohexanedionedioxime (I) and 
1,2-cycloheptanedionedioxime (II) are sufficiently 
soluble to replace dimethylglyoxime in analysis. 
(II) gives a yellow precipitate with nickel(II) 
and preci~itation is complete at pH 2.7 or higher. 
Nickel(IIJ can be determined in solutions containing 
acetate, nitrate, and thiocyanate anions and in the 
presence of aluminum, antimony, arsenic, beryllium, 
bismuth, cadmium, chromium, cobalt, copper, iron, 
lead, magnesium, manganese, molybdenum, titanium, 
vanadium and zinc. To determine nickel in steel, 
dissolve the sample in a suitable mineral acid, 
decompose carbides with nitric acid, add perchloric 
acid and evaporate to fumes. After gentle boiling 
for 15 minutes, cool, add 50 ml. of water, boil and 
filter off silicon dioxide (or silica). Wash with 
1% hydrochloric acid and then water. Add an excess 
of 33.3% acid solution and 20% ammonium acetate 
solution if lead is present. Add 10~ sodium sulfite 
solution, add ammonium hydroxide to pH 3.5. Heat 
to 50°, add 20 ml. of 50% ammonium thiocyanate 
solution and an excess of saturated solution of (II). 
Filter, wash, dry, and weigh. The precipitate 
contains 15.9% nickel. 
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25. Feinstein, Ho To~ "Identifica tion and Microdetermination 
of Nicke l in the Presence of Iron and by Means of 
1,2-Cyclohexanedionedioxime," (Nat ional Bureau of 
Standards~ Washington~ Do C.), Ana l . Chern., 22, 
723~724 (1950) f!l.o A_, 44~ 6338:-Ti950)J. -
Voter 9 Banks, and Diehl (C . A.~ 42, 4864h) 
showed that the new reagent, NToxime~gives good 
results in determining nickel but they were unable 
to get satisfactory results in the presence of 
iron. It is now shown that the interference of 
iron can be overcome by making slight changes in 
the procedure . Thus~ excellent result s were obtained 
in the ana~ysis of steels containing 1.1-9% 
nickel. Treat the sample as in the dimethylglyoxime 
method. Fina lly, at a volume of about 250 ml. and 
at room temperature~ add 20 ml. of t artr ate solution 
(250 ~· tartaric acid and 10 ml . nitric acid per 
liter) per gram of iron present, neutra lize with 
ammonium hydroxide (a slight excess does not harm) 
and at room temperature~ add 8 ml . of .8% nioxime 
solution for each 10 mg . of nickel present . Digest 
at 60° for 40 minutes~ filter~ dry~ and weigh. The 
results are a little high (e.g. 9.18% instead of 
8.99) after a single precipitation. A second 
precipitation can be made by filtering through 
paper, digesting the .filter, precipitat ing with 
sulfuric acid plus nitric acid and then treating as 
before . 
26. Duval, R., and Duval, c. , "Thermogravity of Analytical 
Precipitates. XLIV. Determinations of Nickel," 
"Sorbonne, Paris), Anal. Chim. Acta 5J) 71-83 (1951) 
------(in French) ~. A., 45J) 3757(195l)J. 
Pyrolysi s curves of precipit ates which are used 
in the gravimetric determination of nickel have 
been traced with the a id of the Chevenard thermobalance. 
· Methods with the following reagents are rejected: zinc, 
ammonia, sodium thiosulfate J) salic~aldehyde, 
dicarbamidoglyoximeJ) diphenylglyoxime and ~-furil­
dioxime. Me thods preferred are with: : iodine -
iodate, anthranilic acid, dimethylglyoxime, and in 
particul ar, cyclohexanedionedioxime. 
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Reagents, weighing forms and ignition tempera-
ture limits are as follows: dimethylglyoxime, 
Ni(C4H702N)2, 79-172°; diaminoglyoxime, Ni(C2H502N4)2• · 
2H20, 58-78°; cYcylhexanedionedioxime, Ni(C6H902N2)2, 
60-85°. 
Many other compounds are listed in this article, 
but in as much as they are pertaining to other 
reagents, they have been omitted. 
27. Ferguson, R. c., and Banks, C. V., Spectrophotometric 
Determination of Nickel in Calcium Metal with 1,2-Cyclo-
hexanedionedioxime," (Iowa State College, Ames), Anal. 
Chern., 23, 448-453 ( 1951) /C. A. 45, 6120 ( 195l)J-.-
A method is outlined for the determination of 
nickel in calcium metal containing iron. The red 
inner complex compound of nickel with 1,2-cyclohexane-
dionedioxime is stabilized with gum arabic, and its 
absorption is measured at 550 m~ with a spectro-
photometer. Stability curves and calibration curves 
are presented. Absorption spectra of iron(III) 
complexes and nickel dioxime solutions are given for 
the range 350-700 mp. 
28. Pal laud, R., ''Dioximes and Monoximes of the oo<, -Dike tones 
as Analytical Reagents," Chim. Anal., 33, 239-244 
(1951) /Q. A., 45, 8934 (1951)~ -
29. 
The properties and uses of the following oximes 
are described: dimethylglyoxime, ~-benzildioxime, 
furfuryldioxime, 1/-benzildioxime, benzylmethyl-
glyoxime, benzoylmethylglyoxime, phenylglyoxime, 
cyclohexanedionedioxime, oxalenediamidoxime, 
oxalenediuramidoxime, diacetylmonoxime, and isatine-
~ -oxime. 
Voter, R. C., Banks, c. V., Fassel, V. A. and Kehres, P. W., 
· "Nature of the Hydrogen Bond in 1,2(vic-dioxime-N,N 1 )-
Nickel(II) Compounds," (Iowa State College, Ames),-
Anal. Chern., 23, 1730-1735 (1951) lQ. A., 46, 2909 (1952)_7. 
The absorption spectra of 1,2-cyclohexanedione-
dioxime, 1,2-cycloheptanedionedioxime, and 
2,3-butanedionedioxime in Nujol and perfluorokerosene 
were studied in the range 2 to 7)1 by the use of 
the mull technique. Absorption maxima attributed 
to 0-H vibration frequencies were observed at 2.98, 
3.11 and 3.13 ~~ respectively, for each of the above. 
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The 0 - D absorption maximum in 1,2-cyclohexane-
dionedioxime, 1~2-cyclopentanedionedioxime and 2,3-butane-
dionedioxime were observed at 3.99, 4~18, and 4.19~, 
respectively. 
· The absorption spectra of 1,2-bis(l,2-cyclohexane-
dionedioxime-N~N')nickel(II), 1,2-bis(l,2-cycloheptane-
dionedioxime-N~N')nickel(II) and 1,2-bis(2,3-
butanedionedioxime-N,N1)nickel(II) and the respective 
deuterio compounds did pot exhibit absorption 
maximum for the 0 - H -6~~0 - D vibration frequencies 
in the region in which they normally occur; this 
fact indicates a radical change in the identity of 
the 0 - H and 0 - D groups. 
Weak absorption maxima were observed at various 
points as well as points of strong absorption 
maximum which occurred in both the Nujol and 
perfluorokerosene mulls of the nickel derivatives. 
The above evidence plus the lack of reactivity 
of the 0 - H hydrogens suggested an 0 - H - 0 
structure unlike that observed in normal bonding. 
The similarity of the 0 - H - 0 bond of the complex 
nickel compounds to the F - H - F bonds of potassium 
bifluoride is discussed. 
30. Hach, c. c., Banks, c. V., and Diehl, Hq "1,2-Cyclo-
hexanedionedioxime (Iowa State College, Ames), 
Organic Synthesis, 32, 35-38 (1952) LQ. A., 47, 
1621, ( 1953)J 0 
Cyclohexanone (1708 g.) is treated three hours 
with 387 g. selenous acid in 500 ml. of dioxane and 
100 ml. water. The mixture, stirred five hours 
on the water bath and six hours at room temperature, 
was approximately 63% 1,2-cyclohexanedione; this 
yields 55% of the dioxime. 
31. Langenbeck, w., and Pritzkow, w., "Ketone Hydroperoxides 
as Intermediates in Paraffin Oxidation," (Inst. 
Catalysis Research, Rostock, Germany), Chern. Tech. 
(Berlin), 4, 391-393 (1952) 1]_. A., .!±7., 12215(i953)J. 
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The oxidation of tetrahydronaphthalene and 
cyclohexane produces hydroperoxide, which decomposes 
into ketones and secondary alcohols. Further 
oxidation of cyclohexanone at 75° and 100°, without 
manganese salts, gave mainly adipic acid, but also 
adipaldehydic acid, 7%, 1,2-cyclohexanedione, 0.3%, 
and hydrocyclohexanone, 0.5%. 
(Article contains more information concerning 
preparations of hyperperoxides and a kinetic study 
of the decomposition). · 
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32. Banks, c. V., and Carlson, A. B., "Determination of Acidic 
Dissociation Constants of Several vic-Dioximes," 
(Iowa State College, Ames), Anal. Chern. Acta 7, 
291-293 (1952), ~· A., 47, 4794 (1953)_7. 
The acidic dissociation constants of 3 vic-
dioximes were determined from spectrophotometric 
data and are as follows: 
2,3-butanedionedioxime, pKl = 10.6 pK2 = 11.9 1,2-cyclohexanedionedioxime pKl = 10.6 p~ = 12.4 1,2-cycloheptanedionedioxime pKl = 10.7 pK2 - 12.3 
-
II 
+ 0.1 
-+ 0.3 
+ 0.2 
+ 0.5 
+ 0.2 
+ 0.5. 
-
The original method of Stenstroim and Goldsmith 
has been extended to permit the evaluation of both 
acidic dissociation constants of a dibasic acid. 
33. Peshkova, V. M., and Gallai, Z. A., 11 Amperometric Titration 
of Nickel with Dioximes," (M. V. Lomonosov, State 
University, Moscow), Zhur. Anal. Khim., 7, 152-157 
(1952) ~· A., 47, 1536(1953)_7.- -
In 0.1 N sodium acetate solution, cyclohexane-
dionedioxime and d\-furildioxime are reduced at the 
dropping mercury electrode at the same potential as 
dimethylglyoxime (El/2 = -1.40). Both dimethyl-
glyoxime and cyclohexanedioxime can be used for 
amperometric titrations of nickel(III) in the 
presence of iron(III), aluminum(III), chromium(III) 
and zinc(II) without removal of oxygen. The 
latter reagent forms a more stable compound with 
nickel(II) than the former and it has the advantage 
that larger amount.s of the interfering elements can 
be tolerated. ~-Furildioxime was undesirable because 
the precipitate which forms is slow to coagulate. 
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34. Peshkova, V. M., and Gallai, z. A., "Amperometric Titration 
of Nickel With Dioximes," (Moscow State University), 
J. Anal. Chern. (USSR), 7, 171-176 (1952) fi. A., 48, 
4361 ( 1954 )J. 
(See reference 33.) 
35. Ishibashi, M., Fujinaga, T., and Kawamura, K., "Polaro-
graphic Analysis-XVII. Electrolytic Reduction of 
Cyclohexanedionedioxime and Its Applications to 
Amperometric Ti tra tions, 11 Bull. Soc. Chern. Japan, 26, 
513-516 (1953) [9_. A., 49, 7417 (1955)J. 
Cyclohexanedionedioxime can be used for the 
amperometric titration of 1 - 10 mg. of nickel(II) 
in 0~25 M ammonium chloride - 0.25 M ammonium 
hydroxide mixture with 1.8 volts being applied. The 
reduction of cyclohexanedionedioxime requires eight 
electrons / mole above pH 8.8. At pH 1.2, the 
waves with El/2 - 0.35 and - 0.65 volts vs. saturated 
calomel electrode are found. From pH 1.9 to 4.9 the 
first wave disappears. At pH 4 a third wave 
El/2 - 1.5 volts appears, and the second wave 
disappears with increasing pH. 
36. Godycki, L. E. and Rundle, R. E., "The Structure of Nickel 
Dimethylglyoxime," (Iowa State College, Ames), 
Acta Cryst., 6, 487-495 (1953) (in English) LQ. A., ~, 
10948 ( 1953) J. 
Crystallographic data are given for the corres-
ponding palladium compound and for nickel-1,2-cyclo-
hexanedionedioxime. 
Compound 
Ni(Cyclohexanedionedioxime 
derivative) 
Ni(Dimethylglyoxime deriv-
ative) 
Crystal Class 
Orthorhombic 
Orthorhombic 
ISC-738 
Space Group 
Iba 
I bam 
Lattice Constants 
20.3 
16.68 
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The unit cells and symmetry are closely related 
in these compounds. The odd layers of the palladium 
derivative of dimethylglyoxime, to which there is no 
palladium scattering, are so identical with those 
of the nickel compound that it is clear that the 
molecular shape and type of packing is nearly 
identical. Though it shows the same absence, the 
cyclohexane: r.ing can hardly be planar, so the space 
group for nickel-1,2-cyclohexanedionedioxime is 
undoubtedly Iba rather than Ibam. In all cases OH 
and NO frequencies suggest short and symmetrical 
hydrogen bonding. 
No further examination of the crystals has been 
made. 
37. Claudio, C., Claudio, F., "Polarography and Applications 
of 1,2-Cyclohexanedionedioxime (Nioxime) in the 
Amperometric Titration of Nickel and Cobalt," Ann. 
Triest. Cura. Univ. Triest. Sez, 2, 22-23, 89-1~ 
(1953) ~· A., 48, 4372 (1954)_7.-
The polarographic behavior of 1,2-cyclohexane-
dionedioxime, m. 187° (decomposition), at various 
pH values was studied and applied to the amperometric 
titration of nickel(II) and cobalt(II). The 
conditions for the detection and polarographic 
determination of 1,2-cyclohexanedionedioxime were 
established. 
. By amperometric titration 0.0293 mg. of 
· nickel(II) in 10 ml. solution and 0.1779 mg. of 
cobalt(II) in 20 ml. solution could be established 
with a relatively small error. The simultaneous 
determination of nickel and cobalt in the same 
solution has shown good results, whereas the 
estimation of one in the presence of the other did 
not give the desired accuracy. 
r 
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38. Barton, D. H. R., Hassel, 0., Pitzer, K. s., and 
Prelog, V., "Nomenclature of Cyclohexane Bonds," 
Nature, 172, 1096-1097 (1953) Science, 119, 
49 (1954) LQ. A., 49, 891 (1955)_7. 
The most stable and permanent form of the 
cyclohexane ring is the "Chair" form with six 
extracyclic bonds lying parallel to the ring axis 
and six extending radially outward. The names 
'~Axial" (symbol "a") and "Equatorial" (symbol "e") 
are proposed for these bonds. 
39. Ramirez, F. and Bellet, R. J., "The Osazones of 1,2-Cyclo-
butanedione and Other Alicyclic o< -Diketones," 
(Columbia University), J. Am. Chern. Soc., 76, 491-493 
(1954) ~· A., 49j 1599 (1955)_7. 
The 2,4-dinitrophenylosazones (I) of 1,2-cyclo-
butanedione (II), 1,2-cyclopentanedione (III), and 
1,2-cyclohexanedione (IV) have been prepared from 
the corresponding ~-halo ketones, and their ultra-
violet absorption spectra in chloroform compared 
to that of 1,2-butanedione. The alicyclic (I) 
exhibited 3 absorption maxima in the ultraviolet 
(352, about 400, and about 450 m~), while the (I) of 
1,2-butanedione exhibited only two (about 400 and 
about 440 mM). The similarity between the spectra 
of the alicyclic (I) in the ultraviolet and infrared, 
suggests that the structure of the presumably 
highly strained (I) of (II) does not differ 
significantl~ from those of the less strained 
alicyclic (IJ. 
Various methods and data are given for the 
preparation of (I) of (II), (III), and (IV). 
40. Duke, F. R. and Brown, L. M., "Crystal Nucleation from 
Supersaturated Aqueous Solution. Tetraphenylarsonium 
Perchlorate and Nickel Nioxime," (Iowa State College, 
Ames), J. Amer. Chern. Soc., 76, 1443-1446 (1954) 
LQ. A., 48, 6786 (1954)_7. 
If it is assumed that crystal growth velocity 
constants far exceed crystal nucleation velocity 
constants (usual crystal to molecule ratio is lo-12 
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and long induction periods are common for 
crystallization from dilute solutions), the 
sequence of a slow kinetic step followed by a 
rapid one permits a steady-state treatment of 
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rate equations of ordinary form. With self-
nucleation, nucleus formation becomes insignificant 
before solution concentration has varied significantly. 
For tetraphenylarsoniumperchlorate, growth order 
evaluation shows 3-5 of each kind of ion in the 
nucleus, and that the nucleus is the same whether 
either the cation or anion is in excess in 
solution. 
With nickel-vic-dioxime, the common ion.in 
excess predominates-in the original nucleus. 
Microcomptometry studies of crystal number vs 
concentration of solution and vs temperature-were 
made; these bore out the general nature of the 
assumptions made. 
41. Banks, c. V., and Byrd, E. K., "Reaction of Iron(II) 
With 1,2-Cyclohexanedionedioxime in Acid Solutions," 
(Iowa State College, Ames), Anal. Chim. Act§:_,lO, 
129-138 (1954) ~· A., 48, 5719 (1954)_7. 
The stability of the water-soluble 1,2-cyclo-
hexanedionedioxime in 0.1 N acid solution, and in 
a sodium acetate - acetic acid solution buffered at 
pH 4.8 has been investigated spectrophotometrically. 
A decomposition occurs slowly in the 0.1 N acid 
solution affecting the spectrum by the absorbing 
species. The product has not been identified; however, 
it does not resemble either 1,2-cyclohexanedione, 
2-hydroxyiminocyclohexanone or 1,2-cyclohexanediamine-
hydrochloride. 
A spectrophotometric study of the reaction of 
iron(II) with 1,2-cyclohexanedionedioxime, in 
dilute acetate buffered solutions which contain no 
ammonia or amine, is reported. 
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42. Peshkova, V. M., "Effect of the Structure of the Oxime 
Molecule on the Properties of Its Compounds with 
Metals," (M. V. Lomonosov Moskow State University), 
Journal of Analytical Chemistry of the U.~.~.R., 
Y£!. X, No. 2 (March-April) 1955. 
This series of studies is composed of two main 
topics, e.g. (a) the relation of the structure · of 
nickel dioximes and the pH range in which they are 
formed, and (b) a study of the relation between the 
structure of the dioxime molecule and its chromophoric 
action. 
A. Relation Between the Structure of Nickel Dioximes 
and the pH Range at Which They Are Formed. 
The author points out that the compounds formed 
between nickel and various dioximes at various pH's 
maintain the same structure: 
R-C C-R II · II 
O~N N-O 
/ ""' t/ ""' H Me H 
""' ~ "' ? 0-N N~O 
II U 
R-C C-R 
By considering a series of compounds formed between 
nickel and various aliphatic vic-dioximes, one can 
follow a systematic change in-pH value of the solution 
at which the corresponding nickel derivative is formed. 
The simplest glyoxime is considered first and by 
introducing CH3 groups we reach the more complex 
structure with corresponding higher molecular weight. 
The compounds considered are nickel derivatives of 
glyoxime, mono- and dimethylglyoxime, methyl-ethyl 
and diethylglyoxime. By increasing the chain length, 
a lowering of the pH is observed at which the nickel 
compound is formed. 
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The formation of compounds with nickel in more 
alkaline media is characteristic of nickel with 
unsy.rnmetrical dioximes, c~-phenyldioxime and 
anisyldioxime. The compounds between nickel and the 
dioximes of tetra methyl- and dimethyldiethyl-
tetrahydrofuran are foz~ed in more alkali media. In 
comparing the properties of the various metal oximes, 
it is of interest that they depend on the solubility 
,in water and not on molecular weight. 
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_ It is Peshkova 1 s opinion that 1,2-cyclohexanedione-
dioxime is the most valuable reagent for gravimetric 
determination of nickelo This reagent has a molecular 
weight of 142.08 and is readily soluble in water. 
~ -Benzyldioxime has a higher molecular weight. Its 
lower solubility in water makes this reagent less 
desirable. (No comparison is made with 1,2-cycloheptane-
dioned;_oxime) • ' 
B. Relation Between the Structure of tne Dioxime 
Molecule and Its Chromophoric Action 
Dioximes of metals (nickel and palladium) in 
which the dioxime molecule is unsymmetrical, or the 
dioxime a on'ta ins a furan radical, are highly soluble 
in non-aqueous sol vents. , Nickel furildioxime has a 
maximum on the light absorption curve in the visible 
portion of the spectrum at 435 ~, the maxima of . the 
other metal dioximes are in the short wave portion of 
the spectrum. The most sensitive reaction is that 
between nickel and d\-furildioxime. The value of its 
distribution coefficient is high. Nickel methylethyl-
dioxime has the highest solubility in chloroform. 
This compound enables nickel to be determined in the 
presence of other metals, such as nickel in presence 
of cobalt. 
The molar extinction coefficients for compounds 
formed between rhenium and various dioximes are listed, 
as well as the molar extinction coefficients of the ion 
of dipyridine ' iron(II) with some of the dioxime 
reagents. 
The colors of solution of iron(II) with dioximes 
are considerably more stable in the presence of 
pyridine; the compounds are extracted by non-aqueous 
solvents. The compounds of iron with 1,2-cyclohexane-
dionedioxime are of special interest; two compounds are 
formed, one in an acid solution (pH 3) and one in an 
alkaline (pH 10) solution. 
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This reagent is of interest because it permits 
work to be carried out in acid media with iron(III). 
The compound of iron with 1,2-cyclohexanedionedioxime 
occupies a special position among dio~imes as a 
reagent for iron. 
43. Banks, c. V., Vander Haar, R. W., and VanderWal, R. P., 
"Magnetic Studies of Nickel(II) and Palladium(II) 
Compounds with Some vic-Dioximes, J. Amer. Chern. Soc., 
77, 324-325 (1955), ~A., 49, 5905 (1955)J. -
Complexes of the following dioximes were studied 
magnetically: alpha-benzildioxime, alpha-furildioxime, 
2,3-butanedionedioxime, and 1,2-cyclohexanedionedioxime. 
Except for the 1,2-cyclohexanedionedioxime the corres-
ponding Pd(II) complexes we~e studied. At 200 the 
molar susceptibilities (xlOb) range ~ from -108 to -296~ 
The data~ accurate to within 2 to 3%. All 'the 
complexes are diamagnetic, and presumably have square 
coplanar structures similar to that for nickel dimethyl-
glyoxime. · 
